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(54)TiUe: METHOD AND Ai>PARATUS FOR THE PRODUCTION OF ARTIFICIAL FTOERS. NON-WOVEN WEBS. AND 
SORBENCY NON-WOVEN FABRICS 

(57) Abstract 

A^method and apparatus for forming artificial fibers and 
a non-w6ven web therefrom includes means for generating a 
substantially continuous fluid stream along a primary axis, at 
least one extrusion die (59) located adjacent to the continuous 
fluid stream for extruding a liquefied resin into fibers, means for 
entraining the fibers in the primary fluid stream, and perturbation 
means (86) for selectively perturbing the flow of fluid in the 
fluid stream by varying the fluid pressure on either side of the 
primary axis to produce crimped fibers for forming non-woven 
web. The inventive manufacturing method finely tunes non-woven 
web material characteristics such as tensile strength, porosity, 
barrier properties, absorbance. and softness by varying the fluid 
stream perturbation frequency and amplitude. Finally, the inventive 
method and apparatus may be implemented in combination with 
melt-blown, spunbond and co-form techniques for producing non- 
woven webs. The invention also includes high sorbcncy non-woven 
fabrics and their use for sorbing oil and other applications. 
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T^-iolH Of Th" T"^**"*^^°" 
This invention rela.as generally to the production of 

T.. ttie field of production 

„.an-»ade fibers, and particularly, to the fx P 

• « moit-blowrf, coform and spunbond 
of luan-made fibers using i»elt blown, 

techniques . 

p.^v q^nnnd Of ThP TnventiQD 
-The production of .an-.ade ^B.rs has long user^elt-^ 
..own, cofor. and spunbond techniques to produce fibers for^^ 
use in forcing non-woven webs of mteriai; ^Figures la 
through 3b illustrate prior art .achines which manufacture 

webs fro™ ™elt.bIown and spunbond techniques. 
..ditionally, prior art cofor. techniques are discussed .n 
greater detail hereinafter. 

Figures la-lc illustrate a typical approach for 
producing .elt-hlown fibers. Referring to «gure la. a 
hopper 10 contains pellets of resin. Extruder _ia ^Its the. 
resin pellets hy a conventional heating arrange-ent to for. a 
„olten extrudahle composition which is e^ctruded through a 
„elt-hlo„i„, die 14 hy the action of a turning extruder screw 
<„ot Shown) located within the extruder 1.. « shown in 

'*^^^r^ iti fed to the orxfxce 
Figure ic, the extrudable coxnposxtion is fed to 

= 28 The die 14 and the gas supply 
18 through extrusion slot 28. The a 

X- ^ heated bv a conventional arrangement 
fed therethrough are heated oy a 

(not shown) . 

ngure Ih illustrates the die 14 in greater detail. The 
up le Of die 14 contains a plurality of »eU-hlowing die 
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cr.«ces .a wM=. ,„ arranged in a ai„aar a 

— ,as . «a p.e„. ,;jnr ''-^ 

e«ts respectively- passages ' T 
' = stream capLes "^a J " " 

- -™e s.ea„ ..^.^ZT^ ""^ " - -™ a 

« base portion 38 and g ox•o^ "^^^^^^ 

■» an a«.„s.o„ s o ^^"^'^ """" " 

-■^"t -d8 extends in tiuiri ^ 

-er.i„ate at t.e ale tip. ' " ""^ 

Pro^ectea onto a coUect.n, a • " 

carried on r-^n-^ 

« foraminous enaiess belt 
oixarm 31 ana which My be fitt,^ ■ 
stationary vacu™ cha^ars ,not h 
collecting surface on whll a "^"^^^ 

'or..a. ^a collectea . t "^^ " « 

v-oj.iected entangled fiber-c *^ 

34, a secant of which is h ' 

- -eh . .y be .e_a^.::rhelt~ ^" 

^°ilers 33 (Shown m Pi. "° « P^-r of p^eh 

x-ig. la) Which ores.? *-k^ 
fibers together. The prior . ^'^^^ entangled 

^ aelt-blowina ^ 

la-lc .ay optionally lncl„ae pattern I 
patternea calenaer nip or „it '^"'""-^"^-1'" ~«s as 

ana web 3. Jy the^m^' "-^^ 
Storage roll or n.o . °n ^ 

e^ossi:: :r:; r 

«ay oe utilized such ae 
nap between a calender and Pressure 
xenaer and an anvil roll or- *k 

«.P »ay be o.lttea altogether. "^"'"^ 
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«^re 3. Illustrates a prior art apparatus 44 £cr 
producing spunbona fibers. The spunbona apparatus typioaXly 
contains a fiber draw unit 46 positioned above an endless 
belt 78 Which is supported on rollers 76. Fic^ore 3b 
Illustrates the fiber draw unit in greater detail. Fiber 
draw unit 46 includes upper air regions 48 and 50 and a 
longitudinal air cha,*er which contains an upper portion 52, 
a „id-porticn 54. and a lower portion or tail pipe 56. The 
fiber draw unit also includes a first air plenu. 58 and an 
air ihlet 60 leading-froi. thSSf first air pl^nu» "58 to »id- 
portion 54 Of the fiber draw unit. Additionally, a second 
*ir plenum 62 also oo™>unicat8s with "iiiS-bbrtion 54 of the 
fiber draw unit via air inlet 64. The spunbond apparatus 44 
also includes standard e<,uipment for melting an extruding 
resin through dies to create fibers 68. Typically. th« 
eguipment feeds resin fed from a supply to a hopper extruder, 
through a filter, and finally through a die to create the 
fibers 68. 

High velocity air is admitted into the fiber draw unxt 
through plenums 58 and 62 via inlets 72 and 74. respectively. 
The addition of air to the fiber draw unit through inlet 60 
and 64 aspirates air through inlets 50 and 48. The air and 
fibers then exit through tail pipe 56 into exit area 70. 
generally, air admitted into the fiber draw unit through 
. inlets 50 and 48 draws fibers 68 as they pass through the 
fiber draw unit. The drawn fibers are then laid down on 
endless belt 78 to form a non-woven web 80 as is seen in 
Plgure 3a. Boilers 82 may then remove the non-woven web from 
the endless belt 78 and further press the entangled fibers 
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together to ac:c:{c,+. 

— sue, :: 1 1 - - 
u-».o.e eJLinr:: ^^^^^^ 

It i. taown in th. art to vary a 

P"=e.s.„, ,ara„,,_ J ---r 

rr tt: -a^L^ 

'-'o ^required more -t-iTn^ 

machinery or process, such as ch '^^^"^^^ 

-Sins. ^.ere.ore th ''^^ °^ ^^^"^^^ 

nerefore, those techniques required tha^ 
production line h« k -.^ quired that the 

xjne be halted while. 

.... .ne„::c:r:: 

to be run. material was 

The prior art has previously taught tha^ • 
-an be Obtained by the „an- , ^^^^ ^^rxous effects 

""anapulation of air flow near i-h 
fiber exit in melt-blown and w 

"-town and spunbond fib^^r- 
equipment, Por exai„«i. Producing 

'or example, Shambaugh, us ^ 
5,405 SRQ * ^ 9"/ U.S. Patent No. 

=.405,559, teaches that the air fi« 

Pr.a. ea„ . a.ter„at ;":„™" 

.a «e, t.. re..„;rrr: rZll: ""^ 
produce melt-blown fiber- „ required to 

s^a^u,. .a. ™t: j:r; r '^'^'"^ 

■Liquefied resan onto the air 
side Of the die . °" "^^^ 

dxe, thereby clogging the machinery for i- • 
production airflow rate. . typical 

other polyme ''^^'^''^ ^''^ '^^^ -°^^ers 

polymers normally used in non-woven web production, . 
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further, such techniques would lively result in the 
relTsit on oe resin ,lol.s or -shot", on the proauct.on weh 
ret resin would he ..ected only .ini^UV durin,^^ 
rensition .ro„ air.low on one side oe the die to ^ • 
nnally, while the — h reference teaches swit^ n, 
on «,d ctt for the purposes ot reducing fiher s..e for 
,l.en flow, its .am ..phasis is that such - sav^ 

ener^ hy reducing the overall airflow retirements .n «,e ^ 

cess .Moreover, the low £re<^encies taught 

„.lt-hlown proce^ . . ,^ ^^^^^ , ,,,, 

by Shambaugh would result m y 

as aiven in the examples are 

Z:::::^^ .nan. .....au. .aones no . 

..pUcablll. o. selective — -^^^^^ 
cnaracterlstics for varying fiber parameters 
fiber production environment. 

g^^sm^ Of The invsnfeisB 

v,^^oi-s are realized in a process 
The above and further objects are rea 

fibers in accordance with 
^ ««T.«ratus for the production of fibers m 
and apparatus lo present invention 

25 forming a non-woven web. The app 

generating a substantially continuous -™ 

• • fibers along a primary axis, at least a first 
entraining fibers alo P ^^^^^^^ 

extrusion die located next to the air 

w means for selectively 

liquefied resin, and perturbation means 
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-^ther Side or both sides « """""^ °" 
-ay ease inciude a substrate d. ^^''•'«" 
— ,te t„„sUtio„ J2\ «»' 

-bstrate to ,or= a „o„-„ove„ .eb. """'^^ °" 

™« apparatus include a £lr=f 

opposite sidis o. the axis ' ^-"^^ on 

"> provide a su.sta„tiaiXy cliT"'" "''"'^ ^^^^ 
a-e™atio„. perJrZ ^""^ "'^ """" ^« 

■ - -eved . .pe::r:: aurr - 

Alternatively, the perturhati 

second pressure traL ir::: """^ '"^'"'^ - 
a- second Plenum cha^rT a^ "'^^^^ ^ ^ ""t 

activation c, the .irst an" ^^"^ ^"^""^ 

iirsc and second pres<5nr.« *. 
selectively varying the nr. transducers for 

ni« pressure in the first an^ 

Plenu. cha.^rs. oenerally, the perturhatiL 
«aady state pressure in the „rst and ""'^^ ' 

at a perturbation frequency o, ^'"'"'^ """"" 

and varies an ave^ pi """^ 

aecond plenum cha«>er up to ! '"""^ 

"toer up to about loo% ot i-y, ^ 

Pl«™ pressure in the absence of activat ' """" 
perturbation „eans. actxvatxon of the 
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The apparatus may also include a fiber draw unit 
disposed below the first die and adapted to channel the 
primary air flow therethrough. The fiber draw unit may 
include a fiber inlet at a top portion thereof for receiving 
fluid flow and fibers entrained therein, an outlet for 
dispensing the air entrained fibers onto the substrate. The 
apparatus may also include a multiple die arrangement for 
extruding several types of resin simultaneously, as well as 
means for adding^ther fibers or particulates (cof orm) . 

The apparatus may also include first and second 
secondary perturbing air supplies disposed on opposite sides 
of said axis and near the di4 or fiber draw unit for 
alternatingly perturbing the substantially continuous flow of 
air. 

The present invention also relates to a method for 
forming artificial fibers from a liquefied resin and forming 
a non-woven web thereby^, comprising the steps of generating a 
substantially continuous, air stream along a primary axis, 
extruding the liquefied resin through a first, die located 
adjacent to the air stream, entraining the liquefied resin in 
the air. stream to form fibers, selectively perturbing the 
flow of air in the airstream by varying the air pressure on 
either side of the primary axis. 

Brief Description of the Drawingg 

Figures la-lc illustrate schematic representations of a 
prior art apparatus for producing melt-blown fibers. 

Figure 2 is a surface representation of a non-woven web 
made in accordance with prior art methods. 
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Figures 3a and 3b illustrate schematic representations 
of a prior art apparatus for producing spunbond fibers. 

Figure 4 is a photograph of a surface of a non-woven web 
manufactured without airstream perturbation. 

Figure 5 is a photograph of a surface of a non-woven web 
manufactured in accordance with the present invention. 

Figures 6a-6d illustrate schematic representations of 
apparati for producing melt-blown fibers according to the 
present invention . 

Figures 7a-7e illustrate schematic representations of 
three-way valve embodiments which may be utilized in 
accordance with the present invention. 

Figures 8a and 8d illustrate plenum pressure as a 
function of time for a prior art apparatus for producing 
15 melt-blown fibers. 

Figures 8b-8c Illustrate plenum pressure as a function 
of time for an apparatus for producing melt-blown fibers in 
accordance with the present invention. 

Figure 9 illustrates fiber diameter distribution for 
melt-blown fibers manufactured in accordance with the prior 
art. 

Figure lo illustrates fiber diameter distribution for 
melt-blown fibers manufactured in accordance with the present 
invention. 
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Figure 11 illustrates Frazier porosity as a function of 
perturbation frequency for a melt-blown non-woven web 
manufactured in accordance with the present invention. 
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Figure 12 illustrates hydrohead as a function of 
perturbation frequency for a melt-blown non-woven web 
manufactured in accordance with the present invention* 

Figure 13 is a photograph of the surface of a non-woven 
web manufactured in the absence of airstream perturbation • 

Figure 14 is a photograph of the surface of a non-woven 
web manufactured in accordance with the present invention. 

Figure 15 illustrates peak load as a function of 
perturbatrion^frequency of a non-woven web of spunbond fibers. 

Figure: ,16 is a schematic representation of a cof orm 
apparatus configured in accordance witi^ the present 
invention . \ - . • 

Figures 17a-17d and 19 illustrate various apparatus 
configurations for manufacturing a non-woven web of spunbond 
fibers in accordance with the present invention. 

Figures 18a-18f , 20a and 20b, and 21a-21d illustrate 
various configurations of secondary jets for use with the 
present invention. 

Figures 22 and 23 are X-Ray Diffraction Scans of a prior 
art meltblown fiber and a fiber made in accordance with the 
present invention. 

Figure 24 is a DSC (Differential Scanning Calorimetry) 
comparing the calorimetric characteristics of a prior art 
meltblown fiber and a fiber made in accordance with the 
25 present invention. 

Detailed Description Of The Preferred Embodiments 
The following techniques are applicable to the melt- 
blown, spunbond and cof orm fiber forming processes. For the 
sake of clarity, the general principles of the invention will 
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be .iscs^ea wit. „*e«„=e to these technl^es. rclXovin, 
the ,e„e„l description of the tech„l,ues, the specific 
application o. these technl^es In the „elt-hlown. spunhona, 
ana co.or» eielas will he aescrlhea. .or ease 1„ .ollovln, 
the aiscusslon. suh-heaai„,s are proviaea below; however 
these suh-heaam, are .or the saKe « clarity ana shoula'„ot 
he conslaerea as ll^ltln, the scope of the Invention as 
aefinea in the claims. *s usea herein, the ter» 
"perturhatlon. „eans a s.«ll to noaerate change fro. the 
eteaay flow of flula, or the ll.e, for example up to so. of 
the steaay flow, ana not having a aiscontinuous flow to one 
elae. Purther^or*; as usea herein, the ter. flula shall 
any li,„ia or gaseous „eaiu.,. however, in general the 
preferred fluid is a gas and More particularly air 

type of li^ia or material which .ay he liquefied to for. 
fxhers or non-woven webs, including without Imitation 
polymers, copolymers, thermoplastic resins, waxes ana ' 

emulsions. 

S Sner.1 pe.rrtntlon n. ... r ir„ r iL_LU^ 

AS was aescrlbed previously, the proauctlon of fibers 
having various characteristics has been known in the prior 
art. However, the preferred embodiments of the present 
invention provide for a much greater range of variation In 
fiber Characteristics ana provlae for a greater range of 
control for forming various non-woven web materials from such 
fibers, these techniques allow one to "tune in- the 
Characteristics of the non-woven web formea thereby with 
Uttle or no interruption of the production process. The 
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basic technique involves perturbing the air used to draw the 
fiber from the die. Preferably, the airflow in which the 
fiber travels is alternately perturbed on opposite sides of 
an axis parallel to the direction of travel of the fiber. 
Thus, the airstream carrying the forming fiber is perturbed, 
resulting in perturbation of the fiber during formation. 
Airstream perturbation according to the methods and apparati 
of the present invention may be implemented in melt-blown and 
sp^nbond manufacturing, but is not limited to those 
processes . 

In general, the airflow may. . be perturbed in a variety of 
way^; however, rjsgardless of the method used to perturb the 
airflow^ the perturbations have , two basic characteristics, 
frequency and amplitude. The perturbation frequency may be 
defined as the number of pulses provided per unit time to 
either side. As is common the frequency will be described in 
Hertz (nuiaber of cycles per second) throughout the 
specif icaJbjLon. The amplitude may also be described by the 
percentage increase or difference in air pressure (AP/P) 
X 100 in the perturbed stream as compared to the steady 
state. Additionally, the perturbation amplitude may be 
described as the percentage increase or difference in the air 
flow rate during perturbation as compared to the steady 
state. Thus, the primary variables which may be controlled by 
25 the new fiber forming techniques are perturbation frequency 

and perturbation amplitude. The techniques described below 
easily control these variables. A final variable which may 
be changed is the phase of the perturbation. For the most 
part, a 180^ phase differential in perturbation is described 
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IX '•CT/uspe/noya 
■-low ,tnat is. a portion o. the airnov on o„e sia. of 
«is parallel to the direction of fio„ • 
-e other .i.e i. alternately pert^l," h^"""' 
««erential coul. he aajuJa It ' ' ""^ 

any aesirea result .ee H T"''" ^ ^ 

suit. Tests have been conauoted with th. 

P-»e relationships. ,his variation allow. 3tiTle 
control over th» scxii more 

material. ""^ "^^"^ "-""^ weh or 

for. T - -ea» ana fiher. aurin, 

formation has several «"ring 

everal positive effects on the tih^^ * 
thereby. >irst tho • " ^^ber formed 

First, the particular characteristics of i-h 

r;\~ - - ~ iatiiT ■ 

".e Pert„rhatio„. .n„s. i„ „^ 

increa.ea hul. ana tensile stren^ „a. he ohtainea'h, 

-lectin, the proper perturbation fre^enc. ana amplitude 
Xh ^^^^ P ua 

the non-woven web c-^r.^.^ ^^-lk m 

wei3, since crimped f iberc: ^ ^ 

jc. ..aitionall. preli.„ar. invl::::: ^ 
- racteristics of .elthlo™ fibers .de in aooordance with 

techni^es, appear to inaicate that fibers „aae in 
accordance with the present invention e^ibit different 
-ystaxiine ana heat transfer characteristics, it iT 
-Sieved that such aifferences are due to heat transfer 

e« Uncludin, ^enchin,, which result fro. the „ove.ent 

« ..hers .„ . ,„^,,„, ^^^^^^ 

«at such differences contribute to the e«.ancea 
Characteristics of fibers ana non-woven materials „de in 
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accordance with the techniques of the present invention. 
Additionally, the perturbation of the airflow also results in 
improved deposition of the fibers on the forming substrate, 
which enhances the strength and other properties of the web 
formed thereby. 

Furthermore, since the variables of frequency and 
amplitude of the perturbation are easily controlled, fibers 
of different characteristics may be made by changing the 
frequency and/or amplitude. Thus, it is possible to change ^- 
the character of the non-woven web being formed during ^ 
processing (or "on the fli^") . By this type of adjustment, a 
single\^maGhine -.may manuf ^ non-woven web fabrics having ^ 

-different characteristics required by different product 
specification while eliminating or reducing the need for 
major hardware or process changes, as is discussed above. 
Additionally, the present invention does not preclude the use^ 
of conventional process control techniques to adjust the 
fiber characteristics. 

Referring now to Figures 4 and 5, magnified photographs 
of melt-blown webs made in accordance with prior art 
techniques (Fig. 4) and according to the present invention 
(Fig. 5) may be compared. As is seen in Figure 4, the 
individual fibers of the web are relatively linear. However, 
as is seen in Figure 5, the fibers in the web made in 
accordance with the perturbation techniques of the present 
invention are much more crimped and are not predominantly 
aligned in the same direction. Thus, as will be seen in the 
results described below, webs made in accordance with the 
present invention tend to exhibit greater bulk for a given 
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weight and frequently have greater machine and cross 
direction strengths (the machine direction is the direction 
Of movement, relative to the forming die, of the substrate on 
Which the web is formed; the cross direction is perpendicular 
to the machine direction) . it is believed that the increase 
crimp will provide many more points of contact for the fibers 
of the web which will enhance web strength. As a note, at 
first glance it would appear that many more and larger voids 
are present in the web of Figure 5 as compared to that of 
Figure 4; however, in fact, the web of Figure 5 does not 
contain more or larger voids than that of Figure 4. Since 
the SEM photographs of these Figures present views of the top ' 
surface of the material, the increased bulk of the web of 
Figure 5 is not seen in the photograph and the bulk manifests 
in a manner to make it appear that there are a greater number 
of larger voids. Conversely, since the web of Figure 4 has 
less bulk, a greater number of fibers of that web are located 
in the plane of the photograph, giving the appearance of 
fewer and small voids. As is seen below, the barrier 
properties of webs made in accordance with the present 
invention can be selected to be superior to those made in 
accordance with the prior art, thus demonstrating that the 
appearance of voids in the photograph of Figure 5 is 
misleading. 

>lelt-Blown AppHf^fl«-<.-.r..= 
Figures 6a through 6d illustrate various embodiments of 
the present invention which utilize alternating air pulses to 
perturb air flow in the vicinity of the exit of a melt-blown 
die 59. Each melt-blown embodiment of the present invention 
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includes diametrically opposed plenum/manifolds 22 and 23 and 
air passages 24 and 25 which lead to a tip of the melt die 59 
to create a stream of fibers in a jet stream 26. The 
function of the present invention is to maintain a steady 
flow and to superimpose an alternating pressure perturbation 
on that steady flow near the tip of melt die 59 by 
alternatingly increasing or reducing the pressure of the 
manifolds 22 and 23. This technique assures controlled 
modifications in the gas borne stream of fibers 26 and ' 
therefore facilitates regularity of pressure f luctuationsf in 
the gas borne stream of fibers. Additionally, the relatively 
high s-te^dy^state air flow with respect to perturbation air ^ 
flow amplitude also serves: to prevent the airborne stream of 
fibers from becoming tangled on air plates 40 and 42. The 
jet structure air entrainment rate (and therefore quenching 
rate) and fiber entanglement are thus modified favorably... 
Figures 7a through 7d illustrate a few examples of 
"^jvalves that alternatingly augment the pressure in plenum 

chambers 22 and 23 shown in Figs. 6a-6d. Referring to Figure 
7a, perturbation valve 86 is essentially comprised of a 
bifurcation of main air line 84 into inlet air lines 20 and 
21. In the immediate vicinity of the bifurcation, a pliant 
flapper 98 alternatingly traverses the full or partial width 
of the bifurcation. This provides a means for alternatingly 
restricting air flow to one of air inlet lines 20 and 21 
thereby superimposing a fluctuation in air pressure in 
manifolds 22 and 23. Alternatively^ an activator may 
mechanically oscillate the flapper across the bifurcation to 
produce the appropriate fluctuation in air pressure in 
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plenums 22 and 23. Flapper valve 98 xnay traverse the 
bifurcation of mainline 84 in an alternating manner simply by 
the turbulence of air in mainline 84 using the natural 
frequency of the flapper. Oscillation frequency of valve 86 
as disclosed in Figure 7a may be varied mechanically by an 
activator which reciprocates the flapper, or by simply 
adjusting the length of the flapper 98 to change its natural 
frequency. 

Figure 7b illustrates a second embodiment of the 
perturbation vilve 86. This embodiment may include a motor 
100 Which rotates a shaft 102. The shaft io2 may be fixed to 
a rotation plate 109 which his a plurality of apertures 108 
disposed thereonT Behind rotation plate 109 is a stationary 
plate 104 containing a plurality of apertures 106. Both 
disks may be mounted so that flow is realized through fixed 
disk openings only when apertures from the rotation plate 109 
are aligned with apertures in the stationary plate 104. The 
apertures on each plate may be arranged such that a steady 
flow may be periodically augmented when apertures on each 
Plate are aligned. The frequency of the augmented flow may 
be controlled through a speed control of motor 100. 

Figure 7c illustrates yet another embodiment of 
perturbation valve 84. m this embodiment a motor loo is 
rotatingly coupled to a shaft 112 which supports a butterfly 
valve 110 having essentially a slightly smaller cross-section 
than main air line 84. Turbulence created downstream from 
rotating butterfly 110 may then provide an alternatingly 
augmented air pressure in air inlet lines 20 and 21 and also 
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in air plenums 22 and 23 to achieve the flow conditions in 
accordance with the present invention. 

Figure 7d represents yet another embodiment of a 
perturbation valve 86 in accordance with the present 
invention. There, a motor 100 is coupled to a shaft 112 and 
butterflies 110 and 114 within inlet air lines 20 and 21 
respectively. As is seen from Figure 7d, butterflies 110 and 
114 are mounted on shaft 112 approximately 90 • to each other. 
Additionally, each of the butterflies 110 and 114 may include 
apertures 111 so as to provide a constant air flow to' each of 
the plenums while alternatingly augmenting pressure in each 
- of ^the plenums- 22 and 23 when the appropriate butterfly is in.- 

an open position. .. .. 

Figure 7e represents still another embodiment of the. 
perturbation valve 86. In this embodiment an actuator -124 is 
coupled to a shaft 122 which in turn is mounted to, a.^ spool 
123. Spool 123 includes channels 118 and 120 which 
communicate with air inlet lines 20 and 21 respectively, TT^ 
depending on the longitudinal position of the spool 123. 
Each of the channels 118 and 120 is fluidly connected to main 
channel 116 which is fluidly connected to main air line 84. 
In this embodiment, perturbation valve 86 may achieve 
alternatingly augmented air pressures in each of the plenums 
by reciprocation of rod 122 from actuator 124. Additionally, 
channels lis and 120 may simultaneously be connected to main 
air line 84 while activator 124 reciprocates spool 123 to 
vary an amount of overlap, and thus air flow restriction, 
between channels 118 and 120 with lines 20 and 21, 
respectively, to achieve alternating augmented pressures in 
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the pienuan chambers 22 and 23, respectively. Actuator 124 
may include any known means for achieving such reciprocation 
This may include but is not limited to pneumatic, hydraulic 
or solenoid means. 

Figures 8a-8d illustrate, respectively, plenum air 
pressures in both the prior art melt-blown apparatus and in 
the melt-blown apparatus according to the present invention. 
AS is seen in Figure 8a, a prior art air pressure in the 
Plenum chambers is essentially constant over time whereas in 
Figures 8b and 8c the air pressure in the plenum chambers is 
essentially -augmented in an oscillatory^ manner . As an 
example, the point at which the mean pressure intersects the 
ordinate can "be about 7 psig. rig. 8d illustrates a prior 
art air pressure in the vicinity of a prior art extrusion die 
Where air is turned on and off. m this case, the mean 
pressure meets the ordinate at about 0.5 psig, for example. 
The on/Off contr^,l of prior art air flow as illustrated in 
Pig. 8d is conducive to die clogging due to the intermittent 
flow, as explained above. Additionally, the prior art on/off 
air flow control illustrated in Pig. 8d (implemented by 
Shambaugh) utilizes a lower average pressure, a lower 
frequency and less pressure amplitude than the present 
invention. Although the airflow characteristic illustrated 
in Fig. 8a is not conducive to die clogging, no control may 
be implemented over fiber crimping or web characteristics, 
since the flow is virtually constant with respect to time.' 

Perturbation valve 86 may be placed in a multitude of 
arrangements to achieve the alternatingly augmented flow in 
plenum chambers 22 and 23 of the melt-blown apparatus 
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according to the present invention. For example. Figure 6b 
shows another embodiment according to the present invention. 
In this embodiment, main air line 84 bifurcates constant air 
flow to inlet air lines 20 and 21 while bleeding an 
appropriate flow of air to perturbation valve 86 via bleeder 
valve 90, Therefore, in this embodiment plenum chambers 23 
and 22 each include two inlets. The first inlet introduces 
essentially constant flow from air inlet lines 20 and 21. 
The second inlet^ of each plenum chamber introduces the 
alternating flow -to the chamber, thereby superimposing 
oscillatory flow on the constant flow from lines 20 and 21. 
The amount of air. bled from, bl^eeder-^val've 88 will coritr.bl the 
amplitude of the. pressure augmentation for precise adjustment 
of fiber characterization, as explained in greater detail 
below, while perturbation valve 8 6 controls frequency. 

Figure 6c represents yet another embodiment of the 
present invention. In this embodiment, main air line 84 
bifurcates into air lines 21 and 22 to supply air pressure to 
plenum chambers 22 and 23. Additionally, an, auxiliary air 
line 92 bifurcates at perturbation valve 86. The 
perturbation valve 86 then superimposes an alternatingly 
augmented air pressure onto plenum chambers 22 and 23 to 
achieve the oscillatory flow conditions in accordance with 
the present invention. Here, pressure on the air line 92 
controls the amplitude of air pressure perturbation, while 
perturbation valve 86 controls perturbation frequency, as 
explained above. 

Figure 6d represents yet another embodiment of the 
present invention. In this embodiment, main air line 84 
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bifurcates into inlet air lines 20 and 21 which lead to 
plenum chambers 22 and 23 respectively. The alternatingly 
augmented pressure in plenum chambers 22 and 23 may be 
provided by transducers 94 and 96 respectively. Transducers 
94 and 96 are actuated by means of an electrical signal. For 
example, the transducers may actually be large speakers which 
receive an electrical signal to pulsate 180*» out of phase in 
order to provide the alternating augmented pressures in 
plenum chambers 22 and 23. However, any type of appropriate 
transducer may create an augmented air flow by using any 
means of actuation. This may include but is not limited to 
electromagnetic means, hydraulic means, pneumatic means or 
mechanical means. 

As was discussed previously, all of the described 
embodiments allow for the precise control of the perturbation 
frequency and amplitude, preferably without interrupting the 
operation of the fiber forming machinery. As will be 
described below, this ability to precisely control the 
perturbation parameters allows for relatively precise control 
of the characteristics of the fibers and web formed thereby. 
Typically, there are a wide variety of fiber parameters and 
while a particular set of parameters may be desired for 
making one type of non-woven material, such as filter 
material, a different set of fiber parameters may be desired 
for making a different type of material, such as for 
disposable garments. 

For example, in filter applications, the material is 
preferably made of small diameter fibers. However, larger 
diameter fibers may be desired for other materials. 
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Furthermore, many end products consist of layers of material 
having a variety of characteristics. For example, disposable 
diapers generally consist of a wicking layer designed to move 
moisture away from contact with the skin of an infant and to 
keep such moisture away. A middle, absorbent layer is used 
to retain the moisture. Finally, an outer, barrier layer is 
desired to prevent the absorbed moisture from seeping out of 
the diaper. The fiber characteristics for each layer of the 
diaper-^re^ different in order to achieve the specific 
functions_of each type of material. With the present 
techniques, various portions of the geb can be formed by 
varying the, perturbafeipn ' parameter s with respect to time so: 
that eaph-- layer of the diaper is formed sequentially in on& 
non-woven web. Then the single web may be folded to provide 
the layered finished material. 

^S£ll®^^ structures for oil are described, for example,; 
in U.S. Patent No. 5,364,680 to Cotton which is incorporated 
herein in itsu^ntirety by reference. For oil sorbent 
applications it is desired to have a microf iber web that is 
oleophilic and characterized by a bulk in terms of density of 
no more than about O.lg/cc, preferably no more than about 
0.06g/cc. In general, lower densities are preferred but 
densities below o.Olg/cc are difficult to handle. Such webs 
have the ability to soak up and retain oil in an amount of at 
least about lo times the web weight, preferably at least 
about 20 times the web weight. For certain applications it 
may be desired to provide a treatment with one or more 
compositions to increase wettability by aqueous liquids. 
Such treatments are well known and described, for example; in 
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coassigned U.S. Patent No. 5,057,361 which is incorporated 
herein in its entirety. Prior attempts to produce such webs 
by meltblowing techniques, while resulting in useful fine 
fiber materials, have lacked the desirable bulk and 
absorbency due to the manner in which the air streams applied 
the still tacky fibers to the forming surface. 

Thus, with precise control of the fiber and material 
characteristics by control of the perturbation 

characteristics, a great degree of flexibility is possible in- 
the formation of non-woven webs. This control, in turn, 
allows for greater efficiency and the ability to design a 
greater range of materials which may be produced with little 
interruption of the production process - 

One shortcoming of prior art melt-blown equipment is the 
relative inability to precisely control the diameter of 
fibers produced thereby. The formation of materials with 
particular characteristics often requires precise control 
over the diameter of the fibers used to form the non-woven 
web. With the perturbation technique of the present 
invention, it is possible to provide for much less variation 
in fiber diameter than was previously possible with prior art 
techniques . 

Figures 9 and 10 illustrate fiber diameter distribution 
for samples taken from prior art melt-blown techniques and 
the melt-blown fiber producing technique according to the 
melt-blown apparatus embodiment of Figure 6c. Figure 9 shows 
a diameter distribution in accordance with the prior art. 
Figure 10 represents a fiber diameter distribution chart for 
melt-blown fibers made in accordance with the inventive 
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technique. The fiber distribution in Figure lo illustrates a 
fiber diameter sample which has a distribution that is 
centered on a peak between about 1 and 2 microns. Here, the 
narrow band of fiber distribution achieved by the 
perturbation method and apparatus illustrates the great 
extent to which fiber diameter may be controlled by only 
varying perturbation frequency or amplitude. 

Figure 11 represents the Frazier porosity of a non-woven 
^It-blown web made in accordance with the present invention 
apa function- of perturbation frequency in the plenum 
chambers 22 and 23. The Frazi.er Porosity is a standard 
measure in -thg ^non-woven web art of the rate of airflow per 
square foot through the material and is thus a measure of- the 
permeability of the material (units are cubic feet per square 
foot per minute). For all samples the procedure used to 

Frazier air permeability was conducted in 
accordance with the specifications of method 54 50, Federal 
Test Methods Stand No. 191 A, except that the specimen sizes 
were 8 inches by 8 inches rather than 7 inches by 7 inches. 
The larger size made it possible to ensure that all sides of 
the specimen extended well beyond the retaining ring and 
facilitated clamping of the specimen securely and evenly 
across the orifice. 

As is illustrated in Figure 11, the Frazier porosity 
generally falls first to a minimum and then increases with 
perturbation frequency from a steady state to approximately 
500 hertz. Thus, one can observe that to make a material 
with a desired Frazier porosity with the present invention, 
it is only necessary to vary the oscillation frequency 
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(and/or the amplitude), with prior art techniques, changes 
in porosity often required changes to the die or starting 
materials or the duplication of machinery. Thus, with the 
present techniques, it is possible to easily change the 
porosity of a material once a run is completed; it is only 
necessary to adjust the perturbation frequency (or 
amplitude) , which can easily be done with simple controls and 
without stopping production. Therefore, the melt-blowing 
apparati according to the present invention may quickly and 
easily manufacture filtering materials of varying porosity by 
simply changing perturbation frequency. 

Figure 12 illustrates a plot of hydrohead as a function 
Of perturbation frequency. The Hydrohead Test is a measure 
of the liquid barrier properties of a fabric. The hydrohead 
test determines the height of water (in centimeters) which 
the fabric will support before a predetermined amount of 
liquid passes through. A fabric with a higher hydrohead 
reading indicates it has a greater barrier to liquid 
penetration than a fabric with a lower hydrohead. The 
hydrohead test is performed according to Federal Test 
Standard No. 191A, Method 5514. Generally, hydrohead first 
increases and then decreases with increasing perturbation 
frequency in a frequency range of approximately 75 hertz to 
525 hertz. Since perturbation frequency directly affects 
hydrohead, an appropriate adjustment of the perturbation 
valve 86 provides the type of barrier to liquid required by a 
particular application. Perturbation frequency may be used to 
vary hydrohead to suit the particular use for the material. 
Examples 
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The following examples provide a basis for demonstrating 
the advantages of the present invention over the prior art in 
the production of melt-blown, coform and spunbond webs and 
materials. These examples are provided solely for the 
purpose of illustrating how the methods of the present 
invention may be implemented and should not be interpreted as 
limiting the scope of the invention as set forth in the 
claims. 

Example 1 

Process Condi-fcion 

Die Tip Geometry: Recessed ' " 

-'7^ e^fj'^ *V«?^^ ' r • Die Width = 20" , " - 

Gap = 0.090" 

30 hpi - — , 

Primary Airflow: Heated («608*'F in heater) 

488 scfm 

Pressure Prp = 6.6 psig 

Auxiliary Airflow: Unheated (ambient air temp.) . - 

60 scfm 

Inlet Pressure =20 psig . 

rp Polymer: Copolymer of butylene and propylene 

polypropylene* - 79% 
polybutylene - 20% 
blue pigment - 01%. 

*800 MFR polypropylene coated with peroxide - 
final MFR « 1500 

Polymer Throughput: 0.5 GHM 

Melt Temperature: 470<>F 

Perturbation Frequency: 0 Hz, 156 Hz, 462 Hz 

Basis Weight: o.54 oz/yd2 

Forming Height: lo" 
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-Barrier 
Table 1- 1 

Frazil Porosity 3^ ,^ 

(cf m/f t« ) 

Hydroheaa ,c„, 3,.„ 
xn this ^^^^^^^ 

FIG. 6c, in which the primary airflow ■,• 

. , . ^ airflow as supplemented with an 

auxiliary airflow. m the exan.mo 

-Ln T:ne example, the unit hpi 

characterizes the number of holes per ino>, 

^ P®^ present in the 

% is .e«„e. as the total pressure „eas„rea in a 
.ta^nant area o. the pri^ ^^^^ 

a!:?;" ™. .y „ei,ht, o. poiy^er „o„i„, through 
each hole o. the .elt-hlo™ .ie per minute, .s aiscussea 
ahove, Frazier Porosltv 1« =. »— 

^ ^ " " ""^ the permeability of 

the^terial (units are ouhic feet per „inute per square 
^oot, . ^e hyaroheaa, .easurea as the height o, a coXu^ o, 
«ter supported hy the „eh prior to p.r.eation o. the water 
into the „eh, measures the li^ia barrier ^alities o, the 

«.e above confi^ation ana results proviae a baseline 
comparison o, a typical .elt-blown proauction run with no air 
perturbation ,a frequency of perturbation oe 0 Hz. with runs 
conauctea with perturbation .regencies o. i„ „a „z. 
AS can be seen fro. Table 1-1, i„ ^^^^^ 
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characteristics of materials made using perturbed airflows 
improve with increasing perturbation frequency. Thus^ by 
merely varying the perturbation frequency, a relatively easy 
process, materials or webs with desired barrier 
characteristics may be made without major changes to the 
process conditions. This ability to adjust barrier 
properties was not previously possible in the prior art 
without substantial changes to the process conditions which 
required significant time and effort. As can be seen there 
is an initial decrease in Frazier Porosity (which represents 
an decrease in tjie permeability of the web or material to 
air) at the 156 Hz perturbation frequency. Similarly, at the 
156 Hz frequency, there is an increase in the supported, 
hydrohead. Thus, at the 156 Hz frequency, the web material 
produced is a more effective barrier. At the 462 Hz : 
perturbation frequency, the Frazier Porosity has. increased 
and the Hydrohead has decreased from both the 0 Hz (prior 
art) and 156 Hz production runs. Thus, at the higher 
perturbation frequency, the web material is a less effective 
barrier, but is more suitable for use as an absorbent or 
wicking material. 

The change in barrier properties with respect to change 
in perturbation frequency is also demonstrated in Figures 11 
and 12 (for different process conditions from those of 
Example 1). As Figure 11 shows, there is an initial drop in 
Frazier Porosity as the process is changed from no 
perturbation to a perturbation frequency between 1 and 200 
Hz. As the perturbation frequency is increased above about 
200 Hz, the Frazier Porosity increases, until the original 0 
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HZ Frazier Porosity is exceeded between about 300 to 400 Hz. 
Above 400 Hz, the Frazier Porosity increases relatively 
steeply with increasing perturbation frequency. Similarly, 
referring to Figure 12, supported hydrohead initially 
increases between about 1 to 200 Hz perturbation frequency. 
Then the hydrohead steadily decreases with Increasing 
perturbation frequency until the supported hydrohead at 
between about 400 to 500 Hz is less than that at the o Hz 
(steady flow) frequency. Thus, as theie Figures demonstrate, 
with no variation in the basic process conditions such as 
polymer type, flow conditions, die geometry, aside from a 
simple change in the frequency of perturbation of the 
airflow, a wide variety of different web materials can be 
made having desired barrier properties. For example, by 
merely setting the perturbation frequency in the 100 to 200 
Hz range, with all of the other process conditions remaining 
unchanged, a more effective barrier material can be made. 
Then, if less effective barrier material was desired, the 
only process change necessary would be an increase in the 
perturbation frequency, which could be accomplished with a 
simple control and without necessitating the interruption of 
the production line. in prior art techniques, alteration of 
the production run barrier properties may require substantial 
changes in the process conditions, thereby requiring a 
production line shut-down to make the changes. in actuality, 
such changes are not typically made on a given machine; 
multiple machines typically produce a single type of web 
material (or an extremely narrow range of materials) having 
desired properties. 
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Example 2 

Process Conditions 

Die Tip Geometry: Recessed 

Die Width = 20" 
Gap = 0.090»' 
3 0 hpi 

Primary Airflow: Heated {«608*T in heater) 

317 scfm 

Pressure Prp = 2.6 psig 

Auxiliary Airflow: Unheated (ambient air temp,) 

8 0 scfm 

Inlet Pressure = 20 psig 

Polymer: High MFR PP* ^ ^ 

*e.g. 800 MFR polypropylene coated with peroxide - 

. final MFR « 1500 

. . ^- ... ' ' ' .%rfer' ^ 

^ - Polymer Throughput: 0.5 GHM 

Melt Temperature: 470®F 

Perturbation Frequency: o Hz (control) , 7 0 Hz 
Basis Weight: 5 oz/yd^ 

Forming Height: 10" 
Test Results 

In this example the bulk of the web made using a 70 
Hz perturbation frequency was compared to a control web (O Hz 
perturbation frequency) . 
5 Control • 0.072" (thickness) 

70 Hz - 0.103" 

Thus, it can be seen that using a modest 70 Hz 
perturbation frequency results in a 4 3% increase in bulk over 
the prior art. Increased bulk is often desired in the final 
10 web or material because the increased bulk often provides for 
better feel and absorbency. 

Furthermore, with respect to desired texture or 
appearance, the use of the perturbation techniques of the 
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present invention allows for custom texture or appearance 
control. Referring to the photographs of Figures 13 and 14, 
Figure 13 represents the appearance of the web produced with 
the 0 HZ perturbation frequency while the web of Figure 14 
represents that produced using the 70 Hz perturbation 
frequency. As can be seen from the Figures, the web of 
Figure 14 has a leather like appearance and texture which is 
not present in the web of Figure 13. Thus, to the extent 
such appearance and texture is desired, the techniques of the 
present invention allow for added control and variety in ' 
production of various types of webs having such 
characteristics. 
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Examples 2A - 21 



Process Conditiong 
Die Tip Geometry: 



Die Width 
30 hpi 



100 in 



Primary Airflow: 



1500-1800 scfm (general range) 
2A 1800 scfm 
1750 scfm 

1750 scfm (per bank) 
1750 scfm (per bank) 
1800 scfm 
2F— 1800 scBitF 
2G 1600 scfm 
2H 1500 3cfm 
21 1750 scfm 



2B 
2C 
2D 
2E 



Primary Air Temp: 



5750F ~ 62 50* -{general range) 

2A 6250F 

2B 600^F 

2C 600°F (per bank) 

2D 600 **F (per bank) 

2E 625«>F 

2F 575«F 

2G 575«F 

2H 575«F 

21 600«F 



Perturbation Frequency: 75 Hz - 200 Hz 
Polymer: PF-015 - polypropylene 
Throughput : 4 . 8PIH 



Melt Temperature: 600 ®F 



This series of examples illustrates the high bulk and 
oil capacity results obtainable with meltblown webs in 
accordance with the present invention • Using an arrangement 
as shown in Figure 6B, meltblown webs were produced using the 
processing conditions shown. These materials were tested for 
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bulK ana Oil capacity, and in addition, the roll samples were 
tested for oil absorption rate. 



Oil Ahfaorption 7"°TtP 



«r«« °^Ption test results were obtained using a test 

procedure based on ASTM D 1117-5 r. 

of . 1117-5.3. Pour square inch samples 

:u\rr"^ ™ ^^^^^ 

^tor oxl „ the cas. of hand samples) for two -inutes. The 
samples and 1 .i„„te In the case of hand samples, . xhf 

The variation in results for bulk and oil capacity 
between the rolled samples and hand samples results frL 
compression in the rolled configuration. m both casefthe 
xmprovement of the invention is apparent. since the "nt^^ 
was not perturbed, it was compressed as formed and Is 
relatively unaffected by being formed into a roll. 

Oil Ral ie T^fii-g 

Oil rate results were obtained in accordance with TAPPI 
Standard Method T 43. su-7a with the following chan^^, 

Sarjuirone"d?Sr """^ ^^'^ "^"imx,. rather 

tin? ff:?'nit:rof jj'ijsri""?^ ^r^^* 

instead of ten drops. ^ »>"Ple 
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tP^m^ - roll gainples 




2C 

2 B ank 
2D 

Control 2 Bank 
♦Test method for hand samples - Table 2-2 
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Example ■> 

Die Tip Geometry: Recessed 

Gap 5= 0.090'* 

30 hpi 

Primary Airflow h^=.4. ^ . 

Pressure = 5 pg^, 

eTjiir ... 

Inlet Pressure = 20 psig 

Polymer: High mfr pp* is. 

^ y mR pp , 1% Biyg pigment 

e.g. 800 MFR polypropylene coated vith « 

final MFR « 1500 Peroxide - 

• Polymer Throughput: 0.6 GHM 

Melt Temperature: 4300^ 
Perturbation Freguencv- oh,. ^ 



Basis Weight: „ 

0.54 02/yd* 

Forming Height: iq,, 
Test R<^gMi-t-^ 

Ssftnass - cup crush - o hz . 135, 

192 Hz - 721 
cup Crush is a measure of softn^.. 

rod , °' "Chown diameter a 

roa o. a a.a„e.er sXi^h.x, .ess than the i„„er diameter o^ 

2 - c.ii„der is used to crush the „e. „r material III 
-e open cylinder while the ,„rce retired to crush the 
--al ihto the cup is measured, .he cup crush test was 
-. to evaluate fahric sti«„ess hy measurin, the peakTL 
required for a 4 r r.™ ^- ^ "e peajc load 

crush .22 I i " "-i^Ph-lcaUy-shaped root to 

rush a ^ ^ ^^^^^ ^^^^^^ ^^^^^ 



.970S30eA1J_> 



wo 97/05306 

^ PCT/US96/12073 

approximately 6.5 cm diameter by 6.5 centimeter tall inverted 
cup while the cup shaped fabric was surrounded by an 
approximately 6.5 cm centimeter diameter cylinder to maintain 
a uniform deformation of the cup shaped fabric. The foot and 
cup were aligned to avoid contact between the cup walls and 
the foot which could affect the peak load. The peak load was 
measured while the foot was descending at a rate of about 
0.64 cm/s utilizing a Model 3108-128 10 load cell available 
from the MTS Systems Corporation of Gary, North Carolina. A 
total of seven to ten repetitions were performed forreach 
material and then averaged to give the reported values. 

The lower cup crush number achieved by the material melde 
using the 192 Hz , perturbation frequency indicates' that the 
material made thereby is softer. Subjective softness tests 
such as by hand or feel also confirm that the material made 
by using the 192 Hz perturbation frequency is softer, than 
that made using the prior art techniques. 

Strength 

Table 3-3 

perturbation 0 Hz 192 Hz 436 Hz 

Frequency 

MO Peak Load (lbs) 

MD Elongation (in) 

CD Peak Load (lbs) 

CD Elongation (in) 
As can be seen from Table 3-1, the machine direction 
strength increases for runs in which the perturbation 
frequency is greater than 0 Hz. In the production runs of 
Example 3, the direction of perturbation was generally 
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parallel to the machine direction (MD) . Applicants believe 
that the Increased strength in MD is due to more controlled 
and regular overlap in the lay-down of the web on the 
substrate as the fibers oscillate as a result of the 

5 perturbation. A similar result is demonstrated in Figure 15 

which is a graph showing the variation of Peak Load in MD and 
CD as a function of perturbation frequency. As is seen in 
the Figure 15, strength in the MD increases as the 
perturbation frequency increases. Typically, CD strength 

10 remains relatively constant (with slight variations) 

regardless of perturbation frequency. It is applicants* 
belief that increases in CD strength can be achieved by 
varying the angle of the perturbation relative to the MD. 
Thus, by having the perturbation occur at some angle between 

15 parallel to MD and perpendicular to MD, CD strength can be 

improved as well as MD strength. 
Barriey 
Table 3-2 

Perturbation Frequency 0 Hz 192 Hz 
Frazier Porosity 31.5 22.3 

(cfm/ft^ ) 

Hydrohead (cm of H2O) 90.8 121.6 

Equiv. Pore Diameter (^ 13.2 10.8 

HI) 

As Table 3-2 demonstrates, and as was demonstrated in 
Example 1, at relatively low perturbation frequencies 
(between about 100 to 200 Hz) the barrier properties of a web 
20 produced thereby increase. This result is explained by the 

measured Equivalent Circular Pore Diameter in the 0 Hz case 
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and the 192 Hz case. As is shown in Table 3-2, the pore size 
for web material produced using a 192 Hz perturbation 
frequency is 2.4 microns less than that for a material 
produced with no perturbation- Thus, since the pores in the 
material are smaller, the permeability of the material is 
less and the barrier properties are greater. 
Example 4 

Process Cond itions 

Die Tip Geometry: Recessed 

Die Width = 20" - 
Gap = 0.090" " 
30 hpi 

- Primary Airflow: Heated («608^F in heater) ^- 

4 22 scfm 

. . Pressure = 5 psig 

Auxiliary Airflow: Unheated (ambient air-temp.) 

4 0 scfm 

Inlet Pressure = 15 psig 

Polymer: Copolymer of butylene and propylene 

polypropylene* - 79% 
polybutylene - , 20% 
blue pigment - 01% 

*800 MFR polypropylene coated with peroxide - 
final MFR « 1500 

Polymer Throughput: 0.6 GHM 

Melt Temperature: 471«F 

Perturbation Frequency: o - 463 Hz 

Basis Weight: 0.8 oz/yd^ 

Forming Height: 12" 

Tesli Results 
Barrier 
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■Table 4-i 

Peyturbfftion FreqnPn r y q_ss, 305 463 
Frazier Porosity 46.27 26.85 59.34 

((cfm/ft* ) 

once again, it can be seen that the porosity of the web 
.naterial initially decreases when the airflow is perturbed. 
However, as the perturbation frequency increases, the 
porosity also increases. The results in Example 4 agree with 
the other barrier property results froB the other examples 
and with the results reported in Figures ii and 12. 

Although the above referenced examples utilize a 
polypropylene or mixture of high melt flow polypropylene and 
polybutylene resin, for non-woven web production, a multitude 
Of thermoplastic resins and elastomers may be utilized to 
create melt-blown non-woven webs in accordance with the 
present invention, since it is the structure of the web of 
the present invention which is largely responsible for the 
improvements obtained, the raw materials used may be selected 
from a wide variety. For example, and without limiting the 
generality of the foregoing, thermoplastic polymers such as 
polyolefins including polyethylene, polypropylene as well as 
polystyrene may be used. Additionally, polyesters may be 
used including polyethylene, terepthalate and polyamides 
including nylons. While the web is not necessarily elastic, 
it is not intended to exclude elastic compositions, 
compatible blends of any of the foregoing may also be used, 
in addition, additives such as processing aids, wetting 
agents, nucleating agents, compatibilizers, wax, fillers, and 
the like may be incorporated in amounts consistent with the 
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fiber forming process used to achieve desired results. Other 
fiber or filament forming materials will suggest themselves 
to those of ordinary skill in the art. It is only essential 
that the composition be capable of spinning into filaments or 
5 fibers of some form that can be deposited on a fonaing 

surface. Since many of these polymers are hydrophobic, if a 
vettable surface is desired, known compatible surfactants may 
be added to the polymer as is well-known to those skilled in 
the art. Such surfactants include, way of example and not 
10 limitation^ anionic and nonionic surfjictants such as sodium 

diakylsulfpsuccinate (Aerosol OT available from American 
Cyanamid or Triton X-100 available from Rohm & Haas) . The 
amount of surfactant additive will depend- on the desired end 
use as will also be apparent to those ^skilled in this art. 
15 Other additives such as pigments, fillers, stabilizers, 

compatibilizers and the like may also be incorporated . 
Further discussion of the use of such additives may be had by 
reference to, for example, U.S. Patent Nos. 4,374,888 issued 
on Bornslaeger on February 22, 1983, and 4,070,218 issued to 
20 Weber on January 24, 1978 

Additionally, a multitude of die configurations and die 
cross-sections may be utilized to create melt-blown non-woven 
webs in accordance with the present invention. For example 
orifice diameters of 20 to 50 holes per inch (hpi) are 
25 preferred, however, virtually any appropriate orifice 

diameter may be utilized. Additionally, star-shaped, 
elliptical, circular, square, triangular, or virtually, any 
other geometrical shape for the cross-section of an orifice 
may be utilized for melt-blown non-woven webs. 
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Applicant hereby incorporates by reference U.S. Patent 
NO. 4,818,464, issued to Lau on April 4, 1989 which discloses 
coform methods of polymer processing by confining separate 
polymer melt streams into a single polymer melt stream for 
extrusion through orifices in forming non-woven webs. 
Additionally, applicant hereby incorporates by reference u.s 
Patent No. 4,818,464, issued to Lau on April 4, 1989 which 
discloses the introduction of super absorbent material as 
well as pulp, cellulose, or staple fibers through a 
centralized chute in an extrusion die for combination with 
resin fibers in a non-woven web. Referring now to Figure 16, 
a description of the coform process is provided. m essence! 
a coform die 170 is basically a combination of two melt-blown 
die heads 173, 175. Air flows 176 and 178 are provided 
around die 172 and air flows 180 and 182 are provided around 
die 174. A Chute 184 is provided through which pulp, staple 
fibers, or other material may be added to vary the 
Characteristics of the resulting web. since any of the above 
described techniques to vary the airflow around a melt-blown 
die may be used in the coform technique, specific 
descriptions of all of the valving techniques will not be 
repeated. However, it will be apparent to one skilled in the 
art, that to vary the four air flows present in the coform 
die, the equipments used to control the perturbation of the 
air flows will have to be doubled. 

in the coform technique, there are a variety of possible 
perturbation combinations. The most basic is to perturb each 
side of a given die 172 or 174 just as described above with 
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respect to the melt-blown techniques (basically, air flows 
176 and 178 alternating with each other and the same for 
airflows 180 and 182) . However, it is also possible to 
perturb the air flows around die 172 relative to those around 
die 174. Thus, air flows 176 and 182 could be perturbed in 
phase with each other, but out of phase with air flows 178 
and ISO to achieve a desired characteristic in the fibers or 
web. To achieve a different effect it may be desirable for 
air flows 176 and 180 to be perturbed in phase with each 
other, but out of phase with air flows 178 and 182. it 
should be readily apparent that with four air flows, many : 
perturbation combinations are possible, allcof which are - 
within the scope of the present invention . For example, a 
centralized chute may be located between the two centralized 
air flow for introducing pulp or cellulose fibers and 
particulates. Such a centralized location facilitates 
integration of the pulp into the non-woven web and results in 
consistent pulp distribution in the web. 
Example 5 

As described above with reference to Figure 16, coform 
materials are essentially made in the same manner as melt- 
blown materials with the addition of a second die. Thus, 
there are two airflows around each die, for a total of four 
air flows, which may be perturbed as described above. 
Additionally, there is typically a gap between the two dies 
through which pulp or other material may be added to the 
fibers produced and incorporated into the web being formed. 
The following example utilizes such a coform-form head, but 
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otherwise, with respect to the airflow perturbation, conforms 
to the previous description of the melt-blown process. 
Process Condi-h i oi^g 

Die Tip Geometry: Recessed 

Gap = 0.070" 
Die Width = 20" 

Primary Air Flow: 350 scfm per bank (20" bank) 

Primary Air Temperature: 510 "F 

Auxiliary Air Flow: 40 scfm per MB bank 

Polymer: PF-015 (polypropylene) 

Polymer Ratio: 65/35 

Basis Weight: 75 gsm (2.2 osy) 

Test Resultia 

Table 5-1 

Perturbation O Hz 67 Hz 2O8 Hz 320 Kt: 

Frequency 

MD Peak Load 1.578 1.501 1.67 2.355 

MD Elongation (%) 23.86 22.48 24.21 20.23 

CD Peak Load 0.72 9 0.72 3 0.759 0.727 

CD Elongation (%) 49.75 52.46 58.08 71.23 

Cup Crush (gm/mm) 2518 2485 2434 2281 

From table 5-1, it can be seen that the results 
generally agree with those shown in the melt-blown examples. 
Generally, with increasing perturbation frequency, aligned 
along the MD, MD strength increased while CD strength remains 
about the same. Similarly, the softness, measured as cup 
crush, generally increases as the perturbation frequency 
increases (a lower cup crush value indicates increased 
softness) . Thus, this example shows that the techniques 
previously described can be applied to coform-f orming 
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technology to achieve the process and material control by 
simple adjustment of the perturbation frequency in the same 
manner as they were applied to the melt-blown process. 

Spunbond Applications 
Figures 17a through 17d represent various embodiments 
which utilize alternatingly augmented air pressure in plenum 
chambers 58 and 62 of a standard fiber draw unit^ as 
illustrated in Figure 3b. In a manner similar to that of the 
valving-arrangements for the melt-blown unit, the fiber draw 
-unit may^eceive alternatingly augmented air-pressure into 
plenum chambers €2 and 58 via lines 72 and 74, respectively, 
through tfee bifurcation of main air lines 66 via perturbation 
valve 8 6 , Alternatively, as is illustrated- in Figure 17b, 
main air line 66 may be bifurcated by valve 86 into supply 
lines 130 and 128 with a third bleeder portion supplying 
perturbation valve 86. While lines 128 and 130 receive air 
from bleeder valve 88 at a relatively constant pressure, 
perturbation valye 86 receives bleed air from bleeder valve 
88 and perturbs that air to create an oscillatory pressure 
which is then superimposed onto supply lines 128 and 13 0 to 
create alternatingly augmented pressure in lines 74 and 72 
for supply to plenum chambers 58 and 62, respectively. In 
yet another embodiment illustrated in Figure 17c, main supply 
line 66 bifurcates into lines 128 and 130. This embodiment 
utilizes an auxiliary air supply 92 which is perturbed by 
valve 86 superimposed onto the constant air pressure of lines 
128 and 130 to create an alternatingly augmented air flow 
supply in lines 72 and 74 so as to supply air plenum chambers 
62 and 58 of the fiber draw unit, respectively. Finally, 
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Figure 17d represents still another embodiment of the present 
invention which utilizes a perturbation valve 86 which 
provides an alternatingly perturbing air flow prior to the 
bifurcation of the main air supply line. 

Figures I8a through 18f illustrate various locations for 
secondary perturbation jets which may be used with a standard 
prior art fiber draw unit such as the one illustrated in 
Figure 3b to create the proper flow conditions for increasing 
desirable properties of fibers made in accordance with the 
present invention. For example. Figure 18a illustrates the 
tail pipe 56 of a fiber draw unit which utilizes secondary 
perturbation jets 132 and 134. As described above, these 
secondary perturbation jets impose alternating augmented flow 
in a direction which is perpendicular to the main air flow 
through the tail pipe 56 of the present invention. This 
orthogonal relationship between primary and secondary air 
flow increases both the degree and order of turbulence of the 
air flow in the vicinity of the tail pipe 56. 

As illustrated in Figure 18b, tail pipe 56 may also 
include alternatingly, or otherwise activated, co-flowing 
jets 136 and 138 create turbulent flow in accordance with the 
present invention near the tail pipe of the fiber draw unit. 
Figure 18c illustrates secondary perturbing jets 142 and 140 
disposed near a top portion of the fiber draw unit upstream 
of plenum chamber inlets 60 and 64, Figure 18d represents 
yet another embodiment of the present invention that utilizes 
alternatingly augmented flow through Coanda nozzles 144 and 
146 at an exit of tail pipe 56 to create turbulent air flow 
in the vicinity of tail pipe 56. Additionally, Figure 18e 
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illustrates Coanda-like nozzles 190 and 192 disposed at mid 
portion 54 of the fiber draw unit. Finally, Figure 18f 
illustrates jets at inlet portions 48 and 50 of the fiber 
draw unit. Each of those jets illustrated in Figures 18a 
through I8f may alternatingly perturb air flow through the 
fiber draw unit in addition to any perturbation which may be 
implemented upstream of the jets. Additionally, each of the 
jets illustrated in Figures I8a-l8f may also be implemented 
withojit additional perturbation means upstream therefrom. 

Eigure 19 represents yet another embodiment of the 
present invention. The alternatingly augmented pressure in 
plenum, chambers -147.' and rl50 may be provided by transducers - 
148 and: 152 via inlets 150 and 154, respectively. 
Transducers 148 and 152 are preferably actuated by means of . 
an electrical signal. For example, the transducers may 
actually be large speakers which receive an electrical signal 
to activate 0» to 18 0» out of phase in order to provide the 
alternating-avgmented pressures in plenum chambers 147 and 
150. However, any type of appropriate transducer may create 
an augmented air flow by using any means of actuation. This 
may include but is not limited to electromagnetic means, 
hydraulic means, pneumatic means or mechanical means. 

Figures 20a and 20b illustrate yet another embodiment of 
the present invention wherein hot and cold jets are 
alternatingly used to increase fiber crimp. Referring to 
Figure 20a, fiber draw unit 69 includes secondary 
perturbation jets 156 and 158. Oscillatory jet 156 supplies 
hot air whereas oscillatory air jet 158 supplies cold air. 
Alternatively, Figure 20b illustrates perturbation air jets 
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164, 166, which alternatingly supply hot air to the primary 
air flow and fiber bundle exiting from the tail pipe of the 
fiber draw unit. Both Figures 20a and 20b illustrate the 
fiber bundle deflection upon application of secondary 
perturbation. This secondary perturbation creates fiber 
bundle deflection and heating or cooling effects which lead 
to added crimp of the fibers being distributed within a web 
on an endless belt. The temperature varied perturbation 
provides for additional parameters which may be varied and- 
controlled during production. The jets may be symmetrically 
or asymmetrically oriented to achieve desired fiber 
characteristics, namely fiber crimp. As with perturbation 
frequency and amplitude, the temperature of the air may be 
controlled without interruption of the production process, 
although this control is more complex. Thus, materials having 
different properties can be made without requiring the line 
to be substantially delayed and without the need for 
additional equipment. This technique may be applied to 
processes utilizing the homopolymer fibers as well as to 
mult i -component fibers and materials. 

Figures 21(a) through 21(d) represent yet another 
embodiment of the present invention, wherein a standard fiber 
draw unit includes secondary perturbation jets at an exit of 
the tail pipe thereof wherein at least one bank of 
perturbation jets is rotated with respect to the machine 
direction to create a crimp or fiber movement in a cross 
direction with respect to travel of the belt within the fiber 
draw unit apparatus to increase tensile strength in the cross 
direction of the non-woven web. For example, as shown in 
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Figure 21(a), jet bank 162 is disposed at: an angle with 
respect to the machine direction while jet bank 160 is 
essentially parallel to the machine direction. Figure 21(b) 
illustrates jet banks 202 and 200 which are both disposed at 
an angle with respect to the machine direction but oppose one 
another. Furthermore, Figure 21(c) illustrates yet another 
configuration for jet orientation. There, jet banks 202 and 
204 are each rotated with respect to the machine direction 
and face in the same direction. Finally, Figure 21(d) 
il^aa^trates opposing jet banks 208 and 210. ^ 

Finally, Figure 15 illustr|ites the peak load of a non- 
woven J^/eb sampler ^s- a^vfun^ perturbation frequency of^x 
secondary perturbation jets for^the embodiment utilized in ... 
Example 6. As is illustrated in the chart, machine direction 
strength of the non-woven web increases with increasing 
perturbation frequency. In the process run used to generate 
the data for Figure 15, the direction of perturbation was 
parallel— to the machine direction, as illustrated in Figure 
21(d). Furthermore, by varying the direction of the 
perturbation jets or airstreams relative to the machine 
direction, it is possible to increase cross-direction 
strength . 

The following examples show the application of the 
techniques of the present invention to the production of 
fibers and non-woven webs in the spunbond process. The 
processes and apparati are described using terms and units 
well known in the prior art. The initial example describes 
fibers and a web formed using prior art techniques to provide 
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a basis for comparison for fibers and webs formed using the 
technic[ues of the present invention. 
Example 6 

The following examples show the application of 
perturbing airflows to the spunbond process. In this 
particular example, the perturbing airflows were applied to 
the air stream carrying the fibers at the exit of the fiber 
draw unit (FDU) , which corresponds to the embodiment shown in 
Figure 21(d). However, as was previously described, the 
process is equally applicable to perturbing the airflow in 
the FDU itself, or by application of auxiliary air, or 
bleeding airflow, at the manifolds prior to the FDU. 

Process Conditions 

FDU Draw Pressure: 4 psi 

Draw unit width = 14" 

Polymer Throughput: 0.5 GHM 

Polymer: 3445 Polypropylene* 

*Exxon brand 3445 polymer, peroxide coated 

Melt Temperature: 430 ®F 

Auxiliary Flow: 40 scfm 

Basis Weight: 0.5 osy (17 gsm) 

Test Results 

Table 6-1 
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Total Tensile i.24 1.81 1.90 2.19 2.51 

As can be seen from the Table, the use of perturbing 
airflows in the spunbond process provides substantially 
increased MD strength (in this example, the perturbing 
airflows were aligned with the machine direction) . As was 
the case with the melt-blown process with perturbed airflows, 
the CD strength remained relatively constant after a slight 
decrease. As the total tensile ^rength calculation 
indilcates, 'however, the^yerall'^^tegth of ttff \^b Ts" ^ 
increased by the application of the^perturbing airflows. 
Once again, as was demonstrated w^h-^the us^^ 
of -airflow in the melt-blown -procesS?>— the use of airflow 
perturbation provides for a range of selectable 
characteristics in the final web material, merely by 
adjusting the perturbation frequency. This ease of process 
control is not currently available in the spunbond art. 
Typically, to prepare spunbond web mateirxals with varying 
properties, the processing equipment must be completely shut 
down and the process conditions "^Skliged, ^s^ 

the die or other substantial change to the equipment. Though 
the present invention does not preclude those processes, with 
the present process, such changes to the web material may be 
accomplished on the fly by merely changing the perturbation 
frequency while the other process conditions remain constant. 
This feature of the present invention allows for much greater 
flexibility and efficiency in the operation of spunbond 
equipment. 

Example 7 
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5D 

In this example, the spunbond process was adapted, using 
the techniques disclosed herein to provide for perturbing 
airflows disposed at the exit of the FDU. For the purposes 
of this example, the perturbing airflows were not disposed 
5 immediately opposite each other, as was the case in Example 

6, but rather one bank of auxiliary air nozzles was directed 
parallel to the machine direction, while the other was 
directed at an angle with respect to the cross direction to 
provide a slight cross direction trajectory (as shown 
10 schematically in FigT 21(a)). 

Process Conditions 

Fiber Draw Pressure: 9 psi 

Polymer Throughput: 0.75 GHM 

Basis Weight: 1.0 oz/yd^ 

Polymer: 3445 Polypropylene* 

*Exxon brand 3445 polymer, peroxide coated 

Melt Temperature: 450 ''F 

Auxiliary Air Flow: 75 scfm 

Test Results 

Table 7-1 

Perturbation Frequency 0 115 195 338 500 

(HZ) 

MD Peak Load (lb) 12.00 19.96 21.00 21.13 20.00 

MD Elongation (%) 34.75 37.36 38.36 39.77 37.48 

CD Peak liOad (lb) 8.965 11.30 10.53 10.34 12.69 

CD Elongation (%) 40.10 49.78 52.84 43.18 47.94 

Once again, it can be seen that by simply varying the 
perturbation frequency of the airflow, a variety of changes 
can be effectuated in the final non-woven web. Thus, to the 
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extent that a material having different characteristics is 
desired, varying the perturbation frequency of the perturbing 
airflow can result in substantial changes in the final non- 
woven material. This change represents a substantial 
departure from prior art spunbond techniques in which other 
process conditions, which are much more difficult to achieve, 
must be varied to vary the characteristics of the final 
material • 

As is seen from the abjoye Examples 1-7 of meltblown 
coform and spunbond^ non-wovl^^ade in ae-corSance with the 
present invention, the techniques of the present invention 
allow for the formation of a ^=ilbn-w6veK various 
. characteristics with relati:k^e^Ly,i^simple^ adjustments to process 
controls. While some of the differences can be attributed to 
^ the lay-down of the fibers on the forming surface, 
preliminary investigation indicates that the present 
inventive techniques also result in fundamental changes to 
the fibers formed thereby. Referring now to Figures 22 and 
23, there are shown X-Ray diffraction scans of a meltblown 
fiber made according to prror' airt techMques (Figure 22) and 
a meltblown fiber made in accordance with the present, 
invention (Figure 23) both otherwise under identical 
processing conditions and polymer type. As can be seen from 
comparison of Figures 22 and 23, the X-Ray scan of the 
25 meltblown fiber made with the inventive techniques has two 

peaks, while that of the prior art meltblown fiber has 
several peaks. It is believed that the differences observed 
in Figure 23 result from the presence of smaller crystallites 
in the fiber, which possibly result from better quenching of 
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the fiber during formation, in summary, these X-Ray 
diffraction scans indicate that the fibers made in accordance 
with the present technique are more amorphous than prior art 
fibers and may have a broader bonding window than fibers made 
in accordance with prior art techniques. 

Additional evidence of the believed characteristic 
differences between fiber made in accordance with the present 
invention and those made in accordance with the prior art are 
shown in Figure 24. Figure 24 is a graph showing the results 
of a Differentfai Scanning Calorimetry (DSC) test conducted 
on a prior art meltblown fiber (indicated by the dashed line 
on the graph) and with a fiber made in accordance with the 
present techniques (the solid line) . The test basically 
observes the absorbance or emission of heat from the sample 
while the sample is heated. As can be seen from Figure 24, 
the DSC scan of the prior art fiber is significantly 
different from that of the present fiber. A comparison of 
DSC scans shows two main features in the present fiber that 
do not appear in the prior art fiber: (i) heat is given off 
from 80-llO«C (apparent exotherm) and (2) a double melting 
peak. It is believed that these DSC results confirm that the 
present formation techniques produce fibers having 
significant differences from fibers produced with prior art 
techniques. Once again, it is believed that these 
differences relate to crystalline structure and quenching of 
the fiber during formation. 

While preferred embodiments of the present invention 
have been described in the foregoing detailed description, 
the invention is capable of numerous modifications. 
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substitutions, additions and deletions from the embodiments 
described above without departing from the scope of the 
following claims. For example, the teachings of the present 
application could, be applied to the atomizing of liquids into 
a mist (or entraining a liquid in a fluid flow such as air) . 
An apparatus for entraining such liquids is very similar, in 
cross section, to the melt-blown apparatus shown in Figures 
6A-6D. In this embodiment, the apparatus isimply would not 
have the typical melt^blown width of several inches to 
several feet.^^ Addi1:ifnlily, the cofeonents of an atomizer " " 
would typically be several orders of magnitude smaller. In 
any event, the perturbation techhiques-^-fn^an atomizing 
embodiment provide- for ^narrow , droplet size distribution and. 
more even distribution of the small liquid droplets in the 
entraining air flow. This embodiment could be employed in 
many applications such as creating fuel/air mixtures for 
engines, improved paint sprayers, improved pesticide 
applicators, or in any applie^tion in which a liquid is 
entrained in an airflow and an even distribution of the 
liquid and narrow particle size distribution in the airflow 
is desired. 
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resxn comprising the steps of: 

generating . =u.s.a„tUl.y continuous .aul. stream alon, 
a primary axis; ^ 

e^rudln, the resin throu,n a first ale 

located adjacent to the fluid stream; 

for. - 

rorm fibers; and 

sel.ctlv.l, porturMn, the flow of fluid in the fl„i. 
«rea. hy varying the fluid pressure on either side of the 
primary axis. " 

2. The method of claim l comprising the further steps of 
providing a substrate disposed below said first die- 
translating said substrate relative to said first die 

the direction of movement of said substrate defining a ' 

machine direction; 

directf perpendicular to said machine 
direction in a cross-direction, and 

depositing the fibers on said substrate to form a non- 
woven web. 



3. A fiber made in accordance with the method of claim i 
4 A ncn-woven web made in accordance with the method of" 
" claim 2. 

5. 
2. 
6. 



* material made in accordance with the method of claim 

The method of claim l comprisin, the further steps of 
providing a first supply of fluid having a flow rate; 
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providing first and second fluid plenum chambers 
adjacent said first die; 

directing at least a portion of said first supply of 
fluid to inlets of first and second fluid plenum chambers; 
and 

directing fluid from each of said first and second 
plenum chambers to a location adjacent said first die to form 
said substantially continuous fluid stream. 

7. The method J£ claim 6 comprising the further steps of: 
providing a pfeimary f luid^'conduit connected between said 

first supply of fluid and said perturbation means; 

connecting a "^fdrst plehuin^^^bbndurit between said 
perturbation meansl and said- first plenum chamber inlet; 

connecting a second plenum conduit between said 
perturbation means and said second plenum chamber inlet; and 

dividing said first supply of fluid between said first 
and second plenum conduits; and 

selectively varyiirifj-the pressure of fluid flowing in 
each of said first and second plenum conduits. 

8. The method of claim 6 further comprising the further 
steps of: 

providing a second supply of fluid having a flow rate; 

providing a second inlet located in each of said first 
and second plenum chambers; 

directing fluid flow from said perturbation means to 
said second inlets in said first and second plenum chambers; 
and 

selectively varying the fluid flow rate provided from 
said second fluid source to achieve selective variation of 
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the fluid flow rate providing said pressure variation on 
either side of said primary axis. 

9. The method of claim 8 comprising the further step of: 

adjustably bleeding fluid flow from said first supply 
of fluid to provide said second supply of fluid. 

10. The method of claim 6 comprising the further steps of: 
providing first and second pressure transducers in said 

first and second plenum chambers, respectively; and 

selectively activating said first and second pressure 
transducers for selectively varying the pressure in said 
first and second plenum chambers. 

11. The method of claim 6 comprising the further step of: 
varying a steady state pressure in each said first and 

second plenum chambers at a perturbation frequency of 
approximately less than 1000 Hertz. 

12. The method of claim 6 comprising the further step of: 
varying an average plenum pressure in said first and 

second plenum chambers by less than about 100% of the total 
average plenum pressure in the absence of activation of said 
perturbation means. 

13. The method of claim 6 comprising the further step of: 
directing fluid flow from at least one of said plenum 

chambers in a non-parallel direction with respect to the 
machine direction. 

14. The method of claim 8 comprising the further step of: 
providing first and second secondary perturbing jets on 

opposite sides of said axis and near die for alternatingly 
perturbing said substantially continuous flow of fluid. 

15. The method of claim 14 comprising the further step of: 
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directing fluid flow from at least one of said first and 
second secondary jets in a substantially perpendicular 
orientation to said primary axis. 

16. The method of claim 14 comprising the further step of: 
directing fluid flow from at least one of said first and 

second secondary jets in an orientation defining an acute 
angle with respect to the primary axis. 

17. The method of claim 14 comprising the further step of: 
directing fluid flow from at least one said secondary 

jets in a no^r^rparallel direction with respect to the machine 
direction. . -. 

18. The meth?».^. of claim- l_4?. comprising the further steps o£: 
providingj-hot fluid from, said first secondary jet; and 
providing fluid at an approximately ambient temperature 

from said second secondary jet. 

19. The method of claim 1 comprising the further steps of: 
extruding a second liquified resin through a second die 

positioned adjacent=^said first die; 

positioning said second die adjacent to the fluid stream 
for injecting said liquified resin in the fluid stream to 
form fibers. 

20. The method of claim 19 comprising the further step of: 
introducing pulp fibers into said continuous fluid 

stream through a chute located between said first and second 
dies. 

21. The method of claim 19 comprising the further steps of: 
providing a substrate below said first die; 
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translating said substrate relative to said first die, 
the direction of movement of said substrate defining a 
machine direction; 

orientating said first die perpendicular to said machine 
direction in a cross-direction; and 

depositing the fibers on said substrate to form a non- 
woven web. 

22. A non-woven web made in accordance with the method of 
claim 21. 

23. A fabric made in accordance with the method of claim 21. 

24. The method of claim 1 comprising the further step of: 
channeling the primary fluid flow and fibers through a 

fiber draw unit located below said first die. 

25. The method of claim 24 comprising the further step of: 
supplying a first fluid flow having a flow rate; 
providing first and second fluid plenum chambers on 

opposite sides of said axis; 

directing at least a portion of said supply of fluid to 
each of said first and second longitudinal fluid plenum 

chambers; and 

directing fluid from each of said first and second 
plenum chambers to said fiber draw unit to form said 
substantially continuous fluid stream into said fiber draw 
unit. 

26. The method of claim 25 comprising the further steps of: 
dividing said first supply of fluid between said first 
and second plenum chamber inlets; and 
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selectively varying the pressure of fluid flowing into 
each of said first and second plenvun inlets. 

27. The method of claim 25 comprising the further steps of: 
providing a second supply of fluid having a flow rate; 
connecting said second supply of fluid to said 

perturbation means; 

directing fluid flow from said perturbation means to 
said first and second plenum chambers; and 

rate from said second 
supply :&ff fluid for providing said pressure variation on 
either side of said primary axis. 

28. The^method of- -cla.im' 2^- comprising the further step of: 
adjustably^ bleeding fluid f low , from said first supply of 

fluid to provide said second supply of fluid. 

29. The method of claim 25 comprising the further steps of: 
P£.°Y^**^"^ first and second pressure transducers adjacent 

to said first'and second plenum chambers to form said 
perturbation means ; and 

selective activating of said first and second pressure 
transducers for selectively varying the pressure in said 
first and second plenum chambers. 

30. The method of claim 25 comprising the further step of: 
providing first and second secondary pulsing jets on 

opposite sides of said axis and near said fiber draw unit for 
alternatingly perturbing said substantially continuous flow 
of fluid. 

31. The method of claim 30 comprising the further step of: 
positioning said first and second secondary jets between 

said fiber draw unit inlet and outlet. 
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32. The method of claim 30 comprising the further step of: 
directing fluid flow from at least one of said first and 

second secondary jets in a substantially horizontal 
orientation . 

33. The method of claim 30 comprising the further step of: 
directing fluid flow from at least one of said first and 

second secondary jets in a downward orientation. 

34. The method of claim 30 comprising the further step of: 
directing fluid flow from at least one said secondary 

jets in a non-parallel direction with respect to the machine 
direction. 

35. The method of claim 30 comprising the further steps of: 
providing hot fluid from said first secondary jet; and 
providing fluid at an approximately ambient temperature 

from said second secondary jet. 

36. The method of claim 25 comprising the further step of: 
varying a steady state pressure in each said first and 

second plenum chambers at a perturbation frequency of 
approximately less than 1000 Hertz. 

37. A method for injecting a liquid into a fluid flow 
comprising the steps of: 

generating a substantially continuous fluid stream along 
a primary axis; 

injecting the liquid into said fluid stream through a 
25 nozzle; and 

selectively perturbing the flow of fluid in the fluid 
stream by varying the fluid pressure on either side of the 
primary axis. 
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38. An apparatus for forming artificial fibers from a 
liquefied resin comprising: 

means for generating a substantially continuous fluid 
stream along a primary axis; 

a first extrusion die for extruding the liquefied resin, 
said die located adjacent to the fluid stream for injecting 
said liquefied resin in the fluid stream to form fibers; and 

perturbation means for selectively perturbing the flow 
^^JJ'^^^ fluid stream by varying the fluid pressure on 

either side of ^ the primary axis. - ^ 

^ 39. The apparatus of claim 38 ^further comprising: 
7; ,a substrate ^disposed belpw said first die; 
/..substrate translation means for moving said substrate, 
relative to said first die, the direction of movement of said 
substrate defining a machine direction; 

^ said first die oriented perpendicular to said machine 
direction in a cross-direction; and 

wherein the fibers are deposited on said substrate to 
form a non-woven web. 

40. The apparatus of claim 38 wherein said means for 
generating a substantially continuous fluid stream further 
comprises: 

a first supply of fluid having a flow rate; 

first and second longitudinal fluid plenum chambers 
located on opposite sides of said axis, each said plentim 
chamber including at least a first inlet and an outlet; 

first and second plenum conduits for directing at least 
a portion of said supply of fluid to the inlet of each of 
said first and second longitudinal fluid plenum chambers; and 
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first and second exit conduits extending from the outlet 
of each of said first and second plenum chambers to a 
location adjacent said die, on opposite sides of said primary 
axis, and directing fluid from each of said first and second 
5 plenum chambers to a location adjacent said first die to form 

said substantially continuous fluid stream* 
41. The apparatus of claim 40 further comprising: 

a primary fluid conduit connected between said first 
supply of fluid and said perturbation means; 
10 said first plenum conduit connected between said 

perturbation means and said inlet on said first plenum; 

said second plenum conduit connected between said 
perturbation means and said inlet on said second plenum; and 

wherein said perturbation means divides said first 
15 supply of fluid between said first and second plenum conduits 

and selectively varies the pressure of fluid flowing in each 
of said first and second plenum conduits* 
42* The apparatus of claim 4 0 further comprising: 

a second supply of fluid having a flow rate; 
20 an auxiliary conduit connected between said second 

supply of fluid and said perturbation means; 

a second inlet located in each of said first and second 
plenum chambers; 

at least a first secondary conduit f luidly coupled 
25 between said perturbation means and said second inlet in said 

first plenum chamber, directing fluid flow from said 
perturbation means to said second inlet in said first plenum 
chamber ; 
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at least a second secondary conduit fluidly coupled 
between said perturbation means and said second inlet in said 
second plenum chamber, directing fluid flow from said 
perturbation means to said second inlet in said second plenxm 
chamber ; and 

said perturbation means further comprising a 
perturbation valve means for selectively varying the fluid 
flow rate provided from said auxiliary conduit to said first 
and second secondary conduits, said selective variation of 
- the fluid flow rate providing said pressure variation on 
either side of said primary axis. 

43. Thie^-apparatus-'of claim 4 2 further comprising: ; 
.a three way valve comprising; 

an inlet connected to and receiving said first 

supply of fluids- 
first and second outlets directing fluid flow into 

said first and second plenum conduits; and 

a third outlet for adjustably bleeding fluid flow 

from said first supply of fluid to said auxiliary 

conduit to provide said second supply of fluid. 

44. The apparatus of claim 42 wherein said perturbation 
means includes a perturbation valve comprising: 

an inlet for receiving fluid flow from said auxiliary 
conduit; and 

first and second outlets for delivering selectively 
varied fluid flow to said first and second secondary 
conduits • 
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45. The apparatus of claim 40 wherein said perturbation 
means further comprises a perturbation valve further 
comprising: 

an inlet for receiving fluid flow from said second fluid 
source ; and 

first and second outlets for delivering selectively 
varied fluid flow to said first and second plenum conduits. 

46. The apparatus of claim 40 wherein said perturbation 
means further comprises: 

first and second pressure transducers adjacent to said 
first and second plenum chambers; and 

means for selective activation of said first and second 
pressure transducers for selectively varying the pressure in 
said first and second plenum chambers. 

47. The apparatus of claim 40 said perturbation means varies 
a steady state pressure in each said first and second plenum 
chambers at a perturbation frequency of approximately less 
than 1000 Hertz. 

48. The apparatus of claim 40 wherein said perturbation 
means varies an average plenum pressure in said first and 
second plenum chamber less than about 50% of the total 
average plenum pressure in the absence of activation of said 
perturbation means. 

49. The apparatus of claim 39 further comprising: 

means for directing fluid flow from at least one of exit 
conduits in a non-parallel direction with respect to the 
machine direction. 

50. The apparatus of claim 42 further comprising: 
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a first and second secondary pulsing jets disposed on 
opposite sides of said axis and near die for alternatingly 
perturbing said substantially continuous flow of fluid. 

51. The apparatus of claim 50 further comprising: 

5 means for positioning said first and second secondary 

jets between said fiber draw unit inlet and outlet. 

52. The apparatus of claim 50 further comprising: 

means for directing fluid flow from at least one of said 
first and second secondary jets in a substantially horizontal 
10 orientation. " . 

53. The apparatus of claim 50 further comprising: 

* l- .^i^aeansK-f or. directing fluid flow from at least one of .said 
first and second secondary jets in a downward orientation. 

54. The apparatus of claim 50 further comprising: 
means for directing fluid flow from at least one said 

secondary jets in a non-parallel direction with respect to 
the machine direction. 

55. The apparatus of claim 50 fvurther comprising: 

means for providing hot fluid from said first secondary 
20 jet; and . 

means for providing fluid at an approximately ambient 
temperature from said second secondary jet. 

56. The apparatus of claim 38 further comprising: 

means for extruding a second liquefied resin through a 
second die positioned adjacent said first die, said second 
die located adjacent to the fluid stream for injecting said 
liquefied resin in said fluid stream to form fibers. 

57. The apparatus of claim 56 further comprising: 
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means for directing fluid flow between said first and 
second dies; and 

means for directing fluid flow near peripheral portions 
of said first and second dies. 

58. The apparatus of claim 57 further comprising: 
a chute disposed between said first and second dies for 

introducing pulp fibers into said continuous fluid stream. 

59. The apparatus of claim 38 further comprising: 
a fiber draw unit disposed below said first die and 

adapted to channel the primary fluid flow therethrough, said 
fiber draw unit including^ 

an fiber inlet at a top portion thereof for 
receiving fluid flow and fibers, and 

an outlet for dispensing the fibers. 
15 60. The apparatus of claim 59 further comprising: 

a substrate disposed below said first die; 
substrate translation means for moving said substrate 
relative to said first die^ the direction of movement of said 
substrate defining a machine direction; 
20 said first die oriented perpendicular to said machine 

direction in a cross-direction; and 

wherein the fibers are deposited on said substrate to 
form a non-woven web. 

61. The apparatus of claim 59 wherein said means for 
25 generating a substantially continuous fluid stream further 

comprises: 

a first supply of fluid having a flow rate; 



BNSOOCID: <WO 970530eA1J_> 



10 



wo 97/05306 „^ 

. ^ PCT/US96/12073 

first and second longitudinal fluid plenum chambers 
located on opposite sides of said axis, each said plenum 
chamber including at least a first inlet and an outlet; 

first and second plenum conduits for directing at least 
a portion of said supply of fluid to the inlet of each of 
said first and second longitudinal fluid plenum chambers; and 
first and second exit conduits extending from the outlet 
of each of said first and second plenum chambers to said 
fiber draw unit, on opposite sides of said primary axis, for 
directing fluid from each of said first and second plenum 
-chambers to said fiber draw unit to form said substantially 
- a;- continuous fluid stream into said fiber draw unit. ~r. , 

62. The appar^atus of claim 61 further comprising: 

a primary fluid conduit connected between said first 
15 supply of fluid and said perturbation means; 

said first plenum conduit connected between said 
perturbation means and said inlet on said first plenum; 

said second plenum conduit connected between said 
perturbation jmeans and said inlet on said second plenum; and 

wherein said perturbation means divides said first 
supply of fluid between said first and second plenum conduits 
and selectively varies the pressure of fluid flowing in each 
of said first and second plenum conduits. 

63. The apparatus of claim 61 further comprising: 
2^ a second supply of fluid having a flow rate; 

an auxiliary conduit connected between said second 
supply of fluid and said perturbation means; 

a second inlet located in each of said first and second 
plenum chambers; 
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at least a first secondary conduit fluidly coupled 
between said perturbation means and said second inlet in said 
first plenum chamber, directing fluid flow from said 
perturbation means to said second inlet in said first plenum 
chamber ; 

at least a second secondary conduit fluidly coupled 
between said perturbation means and said second inlet in said 
second plenum chamber, directing fluid flow from said 
perturbation means to said second inlet in said second plenum 
chamber; and 

said perturbation means further comprising a 
perturbation valve means for selectively varying the fluid 
flow rate provided from said auxiliary conduit to said first 
and second secondary conduits, said selective variation of 
the fluid flow rate providing said pressure variation on 
either side of said primary axis. 

64, The apparatus of claim 63 further comprising: 
a three way valve comprising; 

an inlet connected to and receiving said first 
supply of fluid; 

first and second outlets directing fluid flow into 
said first and second plenum conduits; and 

a third outlet for adjustably bleeding fluid flow 
from said first supply of fluid to said auxiliary 
conduit to provide said second supply of fluid. 

65. The apparatus of claim 61 wherein said perturbation 
means includes a perturbation valve comprising: 

an inlet for receiving fluid flow from said auxiliary 
conduit ; and 
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first and second outlets for delivering selectively 
varied fluid flow to said first and second secondary 
conduits . 

66. The apparatus of claim 61 wherein- said perturbation 
means further comprises a perturbation valve further 
comprising: 

an inlet for receiving fluid flow from said second fluid 
source ; and 

first and second outlets for delivering selectively 
varied fluid flow to said first and second plenum conduits. 

67. The apparatus of claim 61 wherein said perturbation 
~ means "^further comprises: 

first and second pressure transducers adjacent to said 
fi^rst and second plenum chambers; and 

means for selective activation of said first and second 
pressure transducers for selectively varying the pressure in 
said first and second plenum chambers . 

68. The apparatus of claim 59 further comprising: 

a first and second secondary pulsing jets disposed on 
opposite sides of said axis and near said fiber draw unit for 
alternatingly perturbing said substantially continuous flow 
of fluid. 

69. The apparatus of claim 68 further comprising: 

means for positioning said first and second secondary 
jets between said fiber draw unit inlet and outlet. 

70. The apparatus of claim 68 further comprising: 

means for directing fluid flow from at least one of said 
first and second secondary jets in a substantially horizontal 
orientation. 
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71. The apparatus of claim 68 further comprising: 

means for directing fluid flow from at least one of said 

first and second secondary jets in a downward orientation. 
72- The apparatus of claiin 68 further comprising: 
5 means for directing fluid flow from at least one said 

secondary jets in a non-parallel direction with respect to 
the machine direction. 

73. The apparatus of claim 68 further comprising: 

means for providing hot fluid from said first secondary 
10 jet; and 

means for providing fluid at an approximately ambient 
temperature from said second secondary jet. 

74. The apparatus of claim 59 ..$aid perturbation means varies 
a steady state pressure in each said first and second plenum 
chambers at a perturbation frequency of approximately less 
than 1000 Hertz, 

75. The apparatus of claim 38 wherein said fluid is a gas. 

76. The apparatus of claim 38 wherein said fluid is air. 

77. An apparatus for entraining a liquid within an fluid 
flow comprising: 

means for generating a substantially continuous fluid 
stream along a primary axis; 

a first nozzle for injecting the liquid into said fluid 
stream, said first nozzle located adjacent to the fluid 
25 stream; and 

perturbation means for selectively perturbing the flow 
of fluid in the fluid stream by varying the fluid pressure on 
either side of the primary axis. 
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78. A high bulk nonwoven sorbent fabric comprising an array 
of interbonded microf ibers having a density of no more than 
about O.iog/cc and a pore structure providing an absorbtion 
capacity of at least about lOg/g. 

79. The sorbent fabric of Claim 78 having an oil capacity of 
at least about 20g/g. 

80. The sorbent fabric of Claim 79 comprising polyolefin 
microf ibers . 

81. Thersorbent fabric of Claim 80 comprising microf ibers of 
a propylene polymer. - 

82. The sorbent fabric of Claim 81 having an oil rate of no 
more" than about 2 sec. 

83. The sorbent fabric of Claim 81 also"^ comprising a 
treatment that increases the aqueous wettability of said 
fabric. 

84. The sorbent fabric of Claim 82 also comprising a 
treatment that increases the aqueous wettability of said 
fabric. 

85. The sorbent fabric of Claim 83 wherein said wettability 
treatment comprises a surfactant. 

86. The sorbent fabric of Claim 84 wherein said wettability 
treatment comprises a surfactant. 

87. The sorbent fabric of Claim 78 also comprising fibers or 
particles distributed within said microf iber array. 

88. A high bulk nonwoven sorbent fabric comprising an array 
of thermoplastic polyolefin microf ibers formed by meltblowing 
under conditions where said microf ibers are perturbed to 
produce a fabric density of no more than about O.lOg/cc, and 
an absorption capacity of at least about lOg/g. 
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89. The sorbent fabric of Claim 88 wherein said polyolefin 
comprises a propylene polymer. 

90* The sorbent fabric of Claim 89 further comprising 
fibers or particles coformed within said array. 
5 91. The sorbent fabric of Claim 88 wherein the oil capacity 

is at least 2 0g/g and the oil rate is no more than about 2 
sec. 

92. The sorbent fabric of Claim 89 wherein the oil capacity 
is at least 20g/g and the oil rate is no more than about 2 

10 sec. '^'T . 

93. The sorbent fabric of Claim 89 also comprising a 
treatment that increases the aqueous wettability of said 
fabric. 

94. An oilsorb product comprising an array of meltblown 
15 propylene polymer microfibers formed by meltblowing under 

conditions where said microfibers are perturbed to procuce a 
fabric density of no more than about 0.06g/g, an oil capacity 
of at least 20g/g, and an oil rate of at least 2 sec. 

95. An oilsorb product according to Claim 94 wherein said 
20 meltblowing conditions include a water quench. 
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FRAZIER POROSITY AS A FUNCTION 
OF PERTURBATION FREQUENCY FOR 
A NON-WOVEN WEB OF BELT-BLOWN FIBERS 

0.6 osy, 60 SCFM @20 psig, Q = 460 SCFM. 
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HYDROHEAD AS A FUNCTION 
OF PERTURBATION FREQUENCY FOR A NON-WOVEN 
WEB OF MELT-BLOWN FIBERS 

0.6 osy. 60 SCFM @20 psig, Q = 460 SCFM. 
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50 SCFM @15 psig. BUNDLE DEFLECTED AT 
FDU EXIT WITH AIR KNIVES (MD SWEEP). 
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